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1 . INTRODUCTION 
In April, 1978 MTRP recommended to MDSH&T that  a "level of service" 
methodology be developed in order t o  evaluate proposed demonstretion pro- 
jects .  Also during the year, certain study projects were requested by 
MDSH&T which raised t rans i t  efficiency questions that  a level of service 
methodology could be very helpful in answering. As a resu l t ,  this  study 
was comnissioned by MTRP to provide preliminary insights into the form 
of such a methodology and the ways i n  which i t  could be developed. 
The term "level of service" as used in highway planning i s  a well - 
defined measure which has had wide-spread application in highway design 
and analysis for  over th i r ty  years. The Highway Capacity Manual (HCM) 
defines level of service by the effect  of several highway operational 
factors, incl uding operating speed, travel time, t r a f f i c  interruptions, 
freedom to maneuver, safety,  comfort, convenience, and cost. (1  ~ . 7 ) *  
Limiting values of certain of these factors ,  specifical ly operating speed 
and the volume-to-capacity r a t io  (v / c ) ,  are used to  define six specific 
levels of service,A through F. These six levels represent the en t i re  
range of operating condi t ians for the facil  i t y ,  from best (1 eve1 of ser- 
vice A )  t o  worst (level of service F)  . Similarly, a t  signalized inter-  
sections, level of service i s  discretely defined by 1 imiting values of 
the "load factor" or the number of signal cycles which are ful ly  "loaded" 
or uti l ized by approaching vehicles. (1 p.131) 
In contrast to the relatively well-defined 1 imits on levels of ser- 
vice in highway planning, urban public transportation has l i t t l e  in the 
way of standardized measures for  evaluating service. In the past, when 
the majority of pub1 i c  transportation operations in urban areas were 
privately owned, service evaluation was re1 atively unimportant and the 
provision, expansion, or discontinuance of service was based solely on 
economic considerations. That i s ,  i f  a service change resulted in a net 
profi t  i t  was inst i tuted;  i f  the continued provision of certain services 
could not be made a t  a prof i t the services were discontinued. 
*Numbers in parentheses refer t o  the 1 i s t  of references. 
This situation has changed considerably in recent years, however. 
Today nearly a1 1 urban t rans i t  systems are pub1 icly owned and operated. 
Along with this  trend in public ownership has come the increasing use 
of public funds t o  subsidize the operation of these f a c i l i t i e s .  The 
emphasis in publ i c  transportation has thus changed from a private, profi t -  
oriented operati on t o  a pub1 ic  service function operated with tax do1 1 ars . 
Profitabili ty alone i s  no longer a suitable measure for  evaluating puhlic 
t rans i t .  There should be additional mearures to  evaluate the service 
provided by the expenditure o f  publ ic dollars,  
The purpose of this report i s  t o  examine the level of service concept 
as i t  might be applied to  public transportation services. The report i s  
structured to  f i r s t  describe proposed definitions of publ i c  transportation 
level of service based on both system and rider a t t r ibutes .  The variation 
in publ i c  transportation qua1 i ty  as viewed by various user market segments 
i s  examined and the sensi t ivi ty  or demand e las t ic i ty  to  the various factors 
constituting "level of service" i s  then made. Finally, a proposed study 
methodology to evaluate the increased level of service provided to  user 
groups in l ine  with their  perceived measures of service quality i s  out- 
1 ined. 
2. SYSTEM ATTRIBUTES DEFINING LEVEL OF SERVICE 
E a r l y  work i n  r e l a t i n g  p u b l i c  t r a n s p o r t a t i o n  system and s e r v i c e  area 
a t t r i b u t e s  t o  a  l e v e l - o f - s e r v i c e  concept was performed by t he  Nat iona l  
2 Conanittee on Urban T ranspo r ta t i on  (NCUT) i n  i t s  recommendations f o r  
standards and warrants  f o r  pub1 i c  t r a n s p o r t a t i o n  systems. The committee 
proposed genera l i zed  standards f o r  r o u t i n g  (as d i r e c t  as poss ib l e  w i t h  a  
minimum o f  t u r n s  and t r a n s f e r s ) ,  l oad ing ,  f requency o f  se rv i ce  o r  headway, 
s top  frequency, speed and r e g u l a r i t y  o f  se rv ice .  I n  a d d i t i o n ,  t he  NCUT 
suggested warrants  f o r  extending s e r v i c e  i n t o  new areas and c u r t a i l  i n g  
o r  abandoning e x i s t i n g  serv ices .  
I n  a d d i t i o n  t o  t h e  NCUT, a  few i n d i v i d u a l  t r a n s i t  opera t ions  have 
developed t h e i r  own guide1 i nes  f o r  t r a n s i t  se r v i ce  i n s t i t u t i o n  o r  d i s -  
continuance. The San Antonio T r a n s i t  Sys tem, f o r  example, uses r e s i d e n t i a l  
d e n s i t y  and patronage c r i t e r i a  as t h e  bas is  f o r  i n s t i t u t i n g  o r  extending 
serv ice .  The San Antonio c r i t e r i a  i nc l ude  t h e  f o l l  owing: 3 
1. Res iden t ia l  areas reques t ing  bus se rv i ce  must con ta in  an 
average o f  t h ree  d w e l l i n g  u n i t s  pe r  acre w i t h i n  one-quarter 
m i l e  o f  t h e  proposed rou te .  
2 .  Add i t i ona l  r o u t e  buses r e q u i r e  a  minimum o f  500 dwe l l i ng  
u n i t s  i n  t h e  se rv i ce  area. 
3. A t  t h e  end o f  a  60 day t r i a l  p e r i o d  an average o f  t h ree  
a d u l t  revenue-paying passengers per  bus m i  l e  i s  r equ i red  
f o r  cont inued o p e r a t i  on. 
Bus r o u t e  opera t ing  standards have a l s o  been developed by the Southeast 
Wisconsin Regional P lanning Commission (SEWRPC) , i nc l ud ing  t he  f o l l  owing: 4 ,5 
1 )  Demand fo recas t s  o f  600 )passengers pe r  bus per  day a r e  necessary 
t o  i n s t i t u t e  serv ice .  
2)  Serv ice areas on e i t h e r  s i de  o f  a  r o u t e  shoul d  vary  i n  w i d t h  , 
depending on the a rea ' s  popu la t ion  dens i ty .  
3)  Average bus s top  spacing should be 660 f e e t  (1 /8  m i l e ) .  
A composite s e t  of guidelines for  fixed-route, fixed-schedule bus 
services based on the NCUT, San Antonio, and SEWRPC guide1 ines has been 
proposed by Heathington and Brogan . I 6  These standards define minimum, 
desi rabl e, and maximum 1 evel s for  several service area and sys tem charac- 
t e r i s t i c s  and are  shown in Table. I .  
These studies were a11 attempts to  define the minimum characteristics 
of quality transportation systems for  a given se t  of service area variables, 
and are basically binary in nature. They do not present a suff ic ient  grada- 
tion to  permit the evaluation of minor system improvements. 
Botzow,' in contrast ,  has developed a method of measuring level m oft 
service based on the sys tern's abil i ty t o  provide reasonable travel times 
and a comfortable ride. To provide a comparison with the highway level- 
of -service concept, Botzow 1 ikewise employs six d is t inc t  level s of service: 
A through F. 
Botzow's overall weighted level of service i s  based 40 percent on the 
value of the time-related variables - adjusted speed and delay - and 60 
percent on the value of the comfort-re1 ated variabl es - primarily passenger 
density (square feet  per passenger), vehicle acceleration and jerk, tem- 
perature, ventilation, and noise. The adjusted speed portion of the time 
variable i s  composed of a weighted combination of travel time, vehicle 
headway, number of transfers,  and type of fa re  coll ection parameters. 
B O ~ Z O W  established standards for  each variable a t  each level of service. 
For the delay variable, for  example, level of service A corresponds to 
zero minutes of delay for  a t r i p .  Other levels of service relating to 
delay are: 0 to  1 minutes of delay for  level B; 1 to 2 minutes for  @; 
2 to  4 minutes for  D ;  4 to  8 minutes for  E ;  and more than 8 minutes for  F. 
Similar ranges are developed for  each of the characteristics included 
in the definition of level of service. Thus, a t rans i t  operator can 
easily evaluate each variable and, using assigned weights for  that  
variable, determine the overall 1 evel of 'service provided. The author 
proposes that  i f  any one variable i s  assigned a level of service of F, 
the ent i re  t r i p  i s  assigned an overall level of service of F.. 
TABLE I 
RECOMMENDED LEVELS OF SERVICE 
FOR FIXED-ROUTE , FIXED- SCHEDULE BUS SYSTEM OPERATIONS ( a) 
Characteristic 
Service Area (Izteral 
distance on either side 
of bus route in miles) 
Level of Service . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Minimum . . . . . . . . . . . . . . . .  
(b 
Service Area Density 
(persons per square 
mile) 
Vehicle Loading Factor 
(numbers of passengers/ 
number of seats) 1.0 1.. 0 . . .  .: . 1.25 (g) 
- t 
Lateral Bus Route 
(c > Spacing (miles) (h) . . . .  .%. . . . . . . . .  . - .  . .  1 (d) 






Notes : . . 
Desirable 
3,000 . 
(a) Source: Ref.X(d1 
. . . . . .  Maximum 
(f)  
3 
(b) No minimum, 
8,000 . 
(c) For relatively high density areas (>8,000 persons per square mile 
(d)  For .medium density areas (3,000-8,000 persons per square mile) , 
(e) No maximum. 
(f) This is a policy decision which depends on the public service 
aspects of the system. 
(g) During peak period operation, 
(h) Depends on the demand. 
1 
. (e) 1 
- 
. . . . . .  3...0  
15-30 
. . . . . . . . . .  dc). 
. : , . (4 
: . 60 
4 ( d l  
This reasoning i s  based on a r ide r ' s  perception of a level of service F 
corresponding to an intolerable s i tuat ion;  i f  one component of a t r i p  
i s  intol erable the ent i re  t r i p  becomes intol erabl e. 
This concept of level of service could be used for comparing the effect  
of a1 ternate changes in the system for  measuring present and proposed fu- 
ture transportation service. A decision t o  provide level of service B on 
a planned public transportation system, for  example, would be a major de- 
terminant of the system type or technology t o  be employed. Botzow's con- 
cept i s  simple to  comprehend, easily imp1 ementable, and has appl ication 
in both evaluation and planning. I t s  major deficiency i s  the lack of 
rationale for  the level -of-service boundary conditions, and the assumption 
that  a l l  users will assign the same weight t o  each variable. 
8 Aronstein, proposed a standard fo r  a1 1 urban transportation systems, 
including the automobile. In th i s  way, the definition would address the 
boundary-condi tion question by placing equivalent 1 imi t s  on the measure 
used to define highway level of service (vehicle velocity or travel time). 
By scaling user responses (waiting time, cost,  safety,  pollution, e t c . )  
re lat ive to  travel time savings, a normative transportation system standard 
based on travel er-perceived performance measures i s  developed. Aronstein 
concludes by arguing that  the formulation of a standard measure i s  the 
f i r s t  step in system evaluation. The principal 1 imitations of this  de- 
f ini t ion are that  i t  includes only one measure (travel time) and i t  re l ies  
on aggregate user values. 
9 While not proposing any solution, Deen and Dajani and Gilbert 10 
argue the need for  development of t rans i t  performance measures covering 
system operations and equipment. Deen contends that the demand for such 
performance measures i s  quite we1 1 documented, b u t  the complexities of 
developing and implementing t h e m  will be an enormous task. 
Rider Perceptions and Market Segmentati on 
A major portion of th is  task i s  t o  identify the perception, by both 
t rans i t  users and non-users , of desirable or preferable system at t r ibutes  . 
Those system a t t r i b u t e s  which t h e  p u b l i c  perce ives as being impor tan t  i n  
t r a n s i t  system performance should form t h e  bas is  f o r  measuring t he  q u a l i t y  
o f  se rv ice ,  and i f  improved, should c o n t r i b u t e  t o  the  cap tu re  o f  a d d i t i o n a l  
market shares by t r a n s i t .  
I n  a d d i t i o n  t o  t h e  ques t ion  of  t he  aggregate percep t ion  o f  impor tan t  
system a t t r i b u t e s ,  t h e r e  i s  evidence t h a t  va r ious  market subgroups w i t h i n  
t h e  t o t a l  popu la t i on  have q u i t e  d i f f e r e n t  percept ions o f  a t t r i b u t e s  con- 
s idebed t o  be most impor tan t  f o r  t h e i r  p a r t i c u l a r  t r a n s p o r t a t i o n  needs. 
A t t i t u d e s  toward urban t r a n s p o r t a t i o n  mode choice, i n  bo th  t h e  aggre- 
ga te  and by var ious  market subgroups, has' been w ide l y  researched, p r i  - 
mar i  l y  by psycho1 o g i c a l  approaches. Such f a c t o r s  as sa fe t y ,  re1  i a b i  1  i ty  , 
var ious  t ime parameters (wal k ing ,  w a i t i n g  , r i d i n g )  , cos t ,  convenience, 
comfor t  ,and aes the t i c s  have 1  ong been recognized as a f f e c t i n g  t he  mode- 
choice dec is ion .  I n  general  , accord ing t o  Golob e t  a1 .ll the  t o t a l  popu- 
1  a t i o n  g ives  preference, i n  decreasing o rde r  of importance, t o  t he  f o l l  ow- 
i n g  f a c t o r s :  
1. a r r i v i n g  when planned, hav ing a  seat,  n o t  hav ing t o  t r a n s f e r ;  
2.  t o t a l  customer t r i p  t ime,  fa res ,  and t h e  p r o v i s i o n  o f  she1 t e r s  
a t  stops; 
3. i n t e r i o r  design o f  t h e  veh i c l e ,  aes the t i c s ,  s o c i a l  aspects; 
4. e x t e r i o r  design o f  t h e  veh i c l e ,  p r o v i s i o n  o f  amenit ies on board 
t h e  veh i c l e .  
Other research has shown t h a t  these p r i o r i t i e s  a r e  n o t  i d e n t i c a l  f o r  
12 
a l l  groups. Golob, Dobson, and Sheth found i n  t h e i r  s tudy t h a t  i n  pub- 
1  i c  t r a n s p o r t a t i o n  females a r e  most concerned w i t h  man-machine i n t e r f a c e  
and shopping convenience, and males f i n d  ameni t ies  and op t ions  t h e  most 
impor tan t  a t t r i b u t e .  Residents o f  t he  c e n t r a l  c i t y  f i n d  man-machine i n -  
t e r f a c e  and t h e  d u r a t i o n  o f  se rv i ce  more impo r tan t  than do suburbani tes.  
Younger respondents (age 34 o r  l e s s )  a r e  l e s s  i n t e r e s t e d  i n  l e v e l  o f  se r -  
v i ce ,  arneni t i e s ,  man-machine i n t e r f a c e ,  and more i n t e r e s t e d  i n  shopping 
convenience than  o t h e r  age groups. Midd le age people a r e  most i n t e r e s t e d  
i n  l e v e l  o f  se rv i ce .  The lowrincome group ( l e s s  than $6000) a r e  more 
concerned than o the r  respondents w i t h  l e v e l  of  se rv ice ,  man-machine' i n t e r -  
face, shopping convenience, and d u r a t i o n  o f  se rv ice .  
I n  t h e i r  p r e v i o u s l y  c i t e d  s tudy o f  demand-responsive systems, Golob 
e t  a1 .I1 used t h e  f o l l o w i n g  market subgroups: 
1. low income ( l e s s  then $5000), 
2 .  e l d e r l y ,  young, non-dr i ve rs  , 
3. housewives (non-empl oyed females) , 
4. bo th  spouses employed, 
5 .  mu1 ti -car  households, 
6. one-car househol ds . 
They found t h r e e  groups w i t h  s i g n i f i c a n t l y  d i f f e r e n t  preferences 
from the  o v e r a l l  market.  These a r e  t h e  e l d e r l y ,  t h e  low income, and 
t h e  young. The e l d e r l y  a re  most concerned w i t h  accessi  b i l  i t y .  They 
want t o  have a  seat ,  pay a  low fa re ,  and n o t  have t o  t r a n s f e r .  They 
p l ace  a  lower  va lue on t h e i r  t ime and a re  n o t  as concerned w i t h  t r a v e l  
t ime  as t h e  general  popu la t i on .  The low-income person places a  h i gh  
va lue  on w a i t  t ime, she1 t e r s ,  dependab i l i t y ,  and l ong  hours o f  se rv ice .  
F i n a l l y ,  t he  young a re  n o t  concerned w i t h  phys i ca l  problems o f  access i -  
b i l i t y .  They p lace  importance on t ime savings - having a  v e h i c l e  a v a i l a b l e  
when they  want i t ,  longer  hours o f  se rv ice ,  and ameni t ies ,  such as news- 
papers and music on board. 
I n  an a t tempt  t o  descr ibe  a t t i t u d e s  toward automobi le and t r a n s i t  
t r a v e l  by means o f  a  composite index, ~ a r t ~ e n l )  surveyed 360 households 
i n  New York State.  The survey was conducted t o  determine: ( 1 )  how 
impor tan t  a  s p e c i f i c  a t t r i b u t e  was t o  t he  respondent, ( 2 )  how s a t i s f i e d  
t h e  respondent was w i t h  t h e  a b i l  i ty  o f  t h e  automobi le  t o  p rov ide  t h i s  
p a r t i c u l a r  a t t r i b u t e ,  and (3 )  how s a t i s f i e d  t h e  respondent was w i t h  
t h e  a b i l i t y  o f  t r a n s i t  t o  p rov ide  t h e  a t t r i b u t e .  Responses were on a  
sca le  of one t o  seven, one be ing a  very  nega t i ve  response and seven being 
a very  p o s i t i v e  response. 
To eva luh te  t h e  r e s u l t s ,  Hartgen proposed t h e  f o l l ow ing  model: 
- 
Yi - Iij (1  - ST. ./SA. .) 1 J  1 J  
where : 
Yi = va lue  o f  index f o r  respondent i , 
\ 
' ij 
= s u b j e c t i v e  importance i places on a t t r i b u t e  j, 
STij 
= perce ived  l e v e l  o f  s a t i s f a c t i o n  by i f o r  a t t r i b u t e  
j f o r  the  t r a n s i t  mode, 
SAij = perce ived  l e v e l  o f  s a t i s f a c t i o n  by i f o r  a t t r i b u t e  
j f o r  t he  automobi le mode. 
According t o  t he  model, i f  I i  ( I -ST.  . /SA.  .) i s  p o s i t i v e ,  t h e  auto 
1J 1J 
i s  perce ived  as t h e  more s a t i s f a c t o r y  mode. Conversely, i f  t h e  term i s  
negat ive,  then t r a n s i t  i s  t h e  more s a t i s f a c t o r y  mode. The d e v i a t i o n  o f  
t he  sum f rom zero i s  a  measure o f  b i as  toward e i t h e r  auto o r  t r a n s i t .  
Wi th  t h i s  form o f  a  model, i t  migh t  be p o s s i b l e  t o  d e f i n e  t h a t  s e t  
of a t t r i b u t e  values f o r  t r a n s i t  t h a t  y i e l d  model values o f  zero f o r  each 
highway l e v e l  o f  se rv i ce .  Th is  has n o t  been done, however, o r  a t  l e a s t  
i t  has n o t  been repo r ted  i n  t he  1  i t e r a t u r e .  A t  t h e  very  l e a s t  t he  model 
p rov ides  a  poss ib l e  con t inuous ly  d i s t r i b u t e d  measure f rom which d e f i n i  - 
t i o n  o f  l e v e l  o f  s e r v i c e  cou ld  be de f ined  as a  f u n c t i o n  o f  severa l  sys- 
tem a t t r i b u t e s  . 
The need f o r  a  we l l - de f i ned  r e l a t i o n s h i p  between var ious system para- 
meters and a  measure o f  se rv i ce  q u a l i t y  i s  p a r t i c u l a r l y  impor tan t  from a  
programming perspec t i ve .  When cons ider ing  a1 t e r n a t i v e  expenditures, each 
o f  which a f f e c t s  a  d i f f e r e n t  parameter, o p t i m i z a t i o n  can o n l y  be accompl i shed 
i f  each o f  these parameters can be r e l a t e d  t o  some s i n g l e  o b j e c t i v e  f u n c t i o n  
o r  measure o f  qual i ty. 
The a v a i l a b i l i t y  o f  an accepted and w ide l y  used d e f i n i t i o n  o f  l e v e l  
o f  5e rv i ce  f a c i l i t a t e s  the  eva lua t i on  of a l t e r n a t e  improvements t o  t h e  
highway. The f a c t  t h a t  t h i s  d e f i n i t i o n  cons i s t s  o f  severa l  components 
a l lows  t h e  a n a l y s t  t o  vary  each component and compare t he  e f f e c t  on t he  
l e v e l  of  se rv ice .  Thus, s e n s i t i v i t y  ana l ys i s  can be conducted by de te r -  
min ing t he  inc rease  i n  t he  v/c pe r  d o l l a r  expended on each element o f  
t he  highway ( f o r  example, i nc reas ing  t h e  shoulder  w id th  versus i nc reas ing  
t h e  pavement w id th ) .  
S i m i l a r  analyses i n  urban t r a n s i t  s u f f e r  f rom two d e f i c i e n c i e s .  
F i r s t ,  t he re  i s  no g e n e r a l l y  accepted y a r d s t i c k  f o r  measuring l e v e l  o f  
se rv ice ;  and second, t he re  a r e  no accepted procedures f o r  t e s t i n g  t he  
e f f e c t  on system performance o f  changing i n d i v i d u a l  components. Instead,  
most of t h e  pas t  s tud ies  have t es ted  the  impact o f  changes i n  one v a r i a b l e  
( i .e . , f requency)  on patronage. Using t h e  r e s u l t s  o f  these s tud ies  f o r  
p r o g r a m i n g  expenditures f o r  a l t e r n a t e  improvements requ i res  t he  assump- 
t i o n s  t h a t  t he  component be ing t es ted  un ique ly  i d e n t i f i e s  t he  1 eve1 o f  
se rv ice ,  and t h a t  r i d e r s h i p  a lone i s  an adequate measure o f  se rv i ce  q u a l i t y .  
I n  t r u t h ,  n e i t h e r  o f  these assumptions i s  v a l i d .  The p rev ious  d i s -  
cuss ion i l l u s t r a t e d  t h a t  both f rom t h e  r i d e r s '  perspec t i ve  and t h e  system 
perspect ive,  many components a r e  considered impor tan t  i n  determin ing 
se rv i ce  q u a l i t y .  It would seem l o g i c a l ,  then, t h a t  patronage would vary  
w i t h  changes i n  each o f  these components r a t h e r  than being r e l a t e d  t o  
o n l y  one. The assumption t h a t  patronage i s  an adequate measure o f  ser-  
v i c e  qual i t y  can o n l y  be v a l  i d  when appl i e d  t o  t he  "choice" r i d e r .  For 
c a p t i v e  r i d e r s ,  changes i n  the se rv i ce  qua1 i t y  may - n o t  be r e f l e c t e d  i n  
r i d e r s h i p  changes. 
Another deficiency in uti  1 izing the resul ts  of these studies in the 
evaluation of a l ternate  expenditures i s  that  nearly a l l  of the reported 
studies aggregate a l l  riders into a single category for  determining elas- 
t i c i  t i e s  .* The optimization of investments in al ternative t r ans i t  sys- 
tem components may depend on disaggregate market analysis i f  the behavior 
of each of these segments i s  not identical.  
Domencich and  raft,'^  em^,'^ and $chofer16 reported an three of the 
most comprehensive analyses of these e l a s t i c i t i e s .  These studies,  while 
conducted in different  c i t i e s ,  a l l  reached the conclusion that the com- 
posi t e  fa re  e l a s t i c i ty  was approximately -.33. These resul ts  were con- 
s i s t en t  w i t h  many other studies reported in the 1 i terature.  The consis- 
tency w i t h  which this  resu l t  i s  characteristic of c i t i e s  of different 
size and different t r ans i t  coverage has 1 ed to  the acceptance of th is  
value as a "rule-of-thumb" for  the evaluation of the impact of proposed 
decreases in fare .  Similar studies have shown that t h i s  e l a s t i c i ty  
holds true for  fare increases as we1 1 as fa re  decreases. 
However, there have been a few cases where fare e l a s t i c i t i e s  have 
varied significantly from this  general rule. 17'18 While there i s  not 
suff ic ient  informatien in these reports to  verify t h i s ,  one possible ex- 
planation i s  that  these routes served corridors with an unusual demog- 
raphic distribution of existing and potential r iders.  For example, 
i f  a route served an area composed of 2/3 captive riders and 113 choice 
r iders ,  and a 100 percent fare increase resulted in the loss of a l l  the 
choice r iders ,  the e l a s t i c i ty  would be - . 3 3 .  I f  the same results occurred 
in another corridor consisting of 1/3 captive riders and 213 choice 
r iders ,  the same behavior would yield an e l a s t i c i ty  of -.66. This varia- 
tion in reported values of fa re  e l a s t i c i ty  i l l u s t r a t e s  the need fo r  more 
intensive market segmentation studies of ridership response to changes 
in sys tem parameters. 
The e l a s t i c i ty  to service frequency, which i s  perhaps a better surro- 
gate for quality o f  service, shows a substantially higher e l a s t i c i ty  in 
"Elasticity i s  defined as the percentage changes in ridership divided by 
the percentage change in the parameter being varied. 
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those s tud ies  where bo th  f a r e  and frequency were analyzed. For  example, 
i n  t h e  Free T r a n s i t  study,18 e l a s t i c i t i e s  t o  t r a v e l  t ime  were as much as 
17 3.5 t imes as h i g h  as f a r e  e l a s t i c i t i e s .  L ikewise,  Lee and Surt.i con- 
c luded t h a t  t he  e l a s t i c i t y  t o  s e r v i c e  f requency was 2 t o  3  t imes g r e a t e r  
than t h a t  f o r  f a r e  f o r  va r i ous  t r i p  purposes. Table I 1  presents  t h e  r e -  
s u l  t s  o f  s t ud ies  i n d i c a t i n g  a  range o f  se r v i ce  e l a s t i c i t i e s  f rom 0 t o  
-3.8. L i k e  t h e  s tud ies  o f  f a r e  e l a s t i c i t i e s ,  t h e  r e s u l t s  va r y  s u f f i c i e n t l y  
between t h e  extremes t o  i n d i c a t e  t h a t  t h e  r e s u l t s  may be i n f l u e n c e d  by 
t h e  s tudy environment.  
I n  a d d i t i o n  t o  these s tud ies  o f  t h e  r i d e r s h i p  response t o  changes i n  
a  s i n g l e  v a r i a b l e ,  t h e r e  have been a  few at tempts  t o  r e l a t e  r i d e r s h i p  
v a r i a t i o n s  t o  system measures o f  t h e  s e r v i c e  qual  i t y .  Us ing da ta  f rom 
seventeen c i t i e s ,  Boyd and   el sonz0 devel oped a  r eg ress i on  model t o  p re -  
d i c t  r i d e r s h i p  as a  f u n c t i o n  o f  d a i l y  bus m i l e s  pe r  cap i t a .  Based on 
t h i s  model , t h e  au thor  concluded t h a t  t h e  e l a s t i c i t y  t o  s e r v i c e  changes 
i s  n o t  cons tan t  across d i f f e r e n t  c i t i e s  and d i f f e r e n t  se r v i ce  coverage, 
b u t  decreases w i t h  i nc reas ing  coverage. Those c i t i e s  w i t h  r e1  a t i v e l y  
poor t r a n s i t  s e r v i c e  (as measured by r o u t e  m i l e s  pe r  c a p i t a )  have poten- 
t i a l l y  h i ghe r  e l a s t i c i t i e s  (as h i gh  as 1.0) w h i l e  those c i t i e s  w i t h  a  
h i g h  q u a l i t y  o f  se r v i ce  have p o t e n t i a l  e l a s t i c i t i e s  o f  o n l y  about 0.5. 
If t h i s  i s  t r u e ,  i t  would i n d i c a t e  t h a t  t h e  a b i l i t y  t o  a t t r a c t  a d d i t i o n a l  
r i d e r s  (as a  percentage inc rease)  w i l l  d im in i sh  w i t h  system improvements. 
Th i s  s tudy  d i f f e r s  f rom t h e  p rev ious  s tud ies  i n  t h a t  t h e  e l a s t i c i t i e s  a r e  
c a l c u l a t e d  from models, as opposed t o  da ta  c o l l e c t e d  by va ry ing  t h e  f a r e  
o r  frequency i n  a  s i n g l e  c i t y  o r  a  s i n g l e  c o r r i d o r .  
Other a t tempts  t o  use reg ress i on  analyses ( w i t h  t r i p  r a t e s  as t h e  de- 
pendent v a r i a b l e )  have f a i l e d  t o  i d e n t i f y  any s i n g l e  parameter which ex- 
p l a i n s  a  s i g n i f i c a n t  amount o f  t h e  va r iance  i n  t r a n s i t  patronage. For  
example, i t  was found t h a t  household income exp la i ns  292 of t h e  composite 
r i d e r s h i p  var iance,  bu t  t h i s  i s  t h e  l a r g e s t  va lue repor ted .  Average t r i p  
l e n g t h  a l s o  has been found t o  e x p l a i n  some b u t  n o t  a  s i g n i f i c a n t  amount 
o f  t he  var iance.  A parameter l i k e  t r i p  l e n g t h  may a l s o  s imply  be another  
measure o f  d i f f e r e n c e s  i n  income, t r i p  purpose, o r  t r a v e l  t ime  savings. 
I t  has l i t t l e  va lue  i n  de te rmin ing  t h e  change i n  se r v i ce  qual  i t y  t h a t  w i l l  
r e s u l t  f rom an investment, s i nce  t h e  t r i p  l e n g t h  i s  n o t  l i k e l y  t o  change as 
a  r e s u l t  o f  a  m o d i f i c a t i o n  t o  t h e  t r a n s i t  system. 
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TABLE I 1  TRANSIT SERVICE HEADWAY ELASTICITIES 
A / Headway Massachusetts Demonstrations (1 76*)- E l a s t i c i t y  
Boston-Mi 1 f o r d  suburban r o u t e  (new headway -0.4 
approx imate ly  hou r l y )  
Uxbridge-Worcester suburban r o u t e  (new -0.2 
headway h o u r l y )  
Adams-Williamstown c i t y  r o u t e  (new headway -0.6 
approx imate ly  h o u r l y )  
P i t t s f i e l d  c i t y  r o u t e  ( r a i s e d  f rom 3 t o  -0.7 
8 round t r i p s  d a i l y )  
P i t t s f i e l d  c i t y  r o u t e  ( r a i s e d  from 10 t o  -0.6 
15 round t r i p s  d a i l y )  
Newburyport-Amesbury (depressed area) c i t y  -0.4 
r o u t e  (new headway 30 m i  n, peak/60 midday)B/ -
F a l l  R i ve r  (depressed area)  c i t y  s e r v i c e  n i l  
( o v e r a l l  20 percen t  s e r v i c e  inc rease)  
F i tchburg-Leominster  c i t y  r o u t e  (new a f te rnoon -0.3 
headway 10 minutes, t o  match morning) B ,C/ 
Boston downtown d i s t r i b u t o r ,  Phase 1 (new -0.8 
midday headway 5 minutes, t o  match peak)C/ -
Boston downtown d i s t r i b u t o r ,  Phase 2 (new -0.6 
headway 4 minute base, 8 minutes midday)/ 
Boston r a p i d  t r a n s i t  feeder  r o u t e  (new -0.1 
midday headway .5 minutes, t o  match peak)C/ 
Months A f t e r  
I m ~ e l m e n t a t i  on 
Other Reported F ind ings (126) 
Study o f  Milwaukee t r a n s i t  (1  955-1 970) -3.8 - - 
D e t r o i t  c i t y  r o u t e  (new headway 2 minute -0.2 
base, 3-1 /2 minute midday) - D/ 
Chesapeake, V i r g i n i a ,  suburban se rv i ce  - D/ -0.9 - - 
-- - 
A/ Arc e l a s t i c i t y  c a l c u l a t e d  by t he  Handbook authors  on t h e  bas is  o f  revenue. - 
B/ Inc ludes  impact o f  minor  r o u t e  extens ion.  - 
C/ Approximate e l a s t i c i t y  computed f o r  f u l l  s e r v i c e  day by us ing  an unweighted - 
average o f  peak and o f f  peak ( o r  morning and a f te rnoon)  headway improvements. 
D/ Arc e l a s t i c i t y  c a l c u l a t e d  by t h e  Handbook authors  on t h e  bas is  o f  r i d e r s h i p .  - 
Source: Reference 19. 
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4. CONCLUSIONS 
I n  conclusion, t he re  i s  no accepted d e f i n i t i o n  o f  l e v e l  o f  se rv i ce  
f o r  urban t r a n s i t  t h a t  w i l l  f a c i l i t a t e  t h e  eva lua t i on  o f  a l t e r n a t i v e  i m -  
provements on t he  bas is  o f  cos t -e f fec t i veness .  I t  i s  poss ib le ,  based on 
t h e  1  i t e r a t u r e ,  t o  es t ima te  increased ( o r  decreased) r i d e r s h i p  which would 
r e s u l t  from changes i n  f a r e  o r  s e r v i c e  frequency. Whi le these est imates 
would be reasonably accurate on t h e  average, t h e r e  would be subs tan t i a l  
v a r i a t i o n  depending on t he  demographic c h a r a c t e r i s t i c s  o f  t he  s e r v i c e  area. 
Patronage a lone i s  n o t  an adequate measure o f  t he  l e v e l  o f  s e r v i c e  
upon which f i s c a l  dec i s i ons  should be made. Th is  measure f a i l s  t o  recog- 
n i z e  a d d i t i o n a l  b e n e f i t s  ( o r  d i s b e n e f i t s )  t o  those who w i l l  pa t ron i ze  
t r a n s i t  w i t h  o r  w i t h o u t  t h e  expendi ture.  I t  a l s o  f a i l s  t o  recognize t he  
d i f f e r e n t i a l  b e n e f i t s  across var ious  demographic s t r a t a  o f  a  u n i t  change 
i n  each o f  severa l  p o s s i b l e  system parameters. For example, t h e r e  i s  no 
way t o  compare t he  " n e t  b e n e f i t "  o f  a  f requency change w i t h  t h e  "ne t  bene- 
f i t" o f  a  v e h i c l e  des ign change. 
F i n a l l y ,  no re ferences cou ld  be found r e l a t i n g  t he  impact o f  informa- 
t i onal s i gn ing  (Ichangeabl e message s igns i n d i c a t i n g  t h e  a r r i v a l  o f  the  
n e x t  bus) to  e i t h e r  r i d e r s h i p  o r  a  p resc r i bed  l e v e l  o f  se rv ice .  
5. RECOMMENDATIONS 
Based on this  review of the 1 i terature ,  the fol 1 owing recommendations 
are presented: 
1 )  The Michigan Department of State Highways and Transportation should 
conduct (or sponsor) research on the level of service concept in i ' t3 
f iscal  year 1979 program. The purpose of the research should be t o  develop 
an operational definition of level of service which i s  both internally 
consistent across t r ans i t  modes and external ly  comparable to  the highway 
level of service definit ions.  
The models proposed by Hartgen and Botzow should be reviewed and ( i f  
applicable) calibrated to  a selected Michigan c i ty .  In addition, new models 
should be developed which include additional parameters of interest  i .e.  , 
informational signs and demand-actuated service. 
2 )  A second project should be included in the research program with 
the objective of identifying the desirable market segments for  programming 
t r ans i t  expenditures. This should include the definition of segments with 
s t a t i s t i c a l l y  significant differences in the i r  perception of the value of 
t r ans i t  a t t r ibutes ,  and the development of a weighting system which recog- 
nize$ the publ i c  interest  in providing t rans i t  service to  each segment. 
A procedure for  determining the optional programing of funds for 
improvement of publ ic  transportation should be developed from th is  defini - 
tion of market segments. 
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